North Evoikos Gulf constitutes a deep (450 m) semi-enclosed basin in east-central Greece connected to the Aegean Sea via a 42-m sill to the north and a 40-m wide, 8-m deep channel to the south. Six gravity cores retrieved from different physiographic settings of the Gulf were analyzed for their benthic foraminiferal content, in order to reconstruct the local and regional palaeoenvironmental changes.
Introduction
North Evoikos Gulf is an elongated embayment in the central Aegean Sea (Eastern Mediterranean Sea), featuring a distinct NWe SE orientation and a total surface of approximately 390 km 2 . It is connected to the central-west Aegean Sea through the narrow and shallow Oreos-Trikeri straits, with a maximum depth of approximately 42 m, and a mean width of 4 km, and with the Southern Evoikos basin through the human-maintained Euripus Channel (length 60 m, width 40 m, depth 8 m), (Fig. 1 ). According to Drinia and Anastasakis (2012) , the presence of the Oreos-Trikeri straits played a major role in the palaeoceanographic evolution of the North Evoikos Gulf during the past sea level oscillations, sometimes seriously hampering deeper water masses from passage and ventilating the Evoikos sea floor, making its palaeogeographic evolution different from that of the Aegean Sea. The palaeoceanographic conditions in the North Evoikos Gulf show many similarities with those prevailing in the Sea of Marmara: according to Besiktepe et al. (1994) , the oceanography of the Marmara Sea is characterized by the outflow of brackish water from the Black Sea with salinity of 18& and inflow of saline intermediate and bottom water (38&) from the Aegean Sea. Water and suspended sediments are delivered to Marmara Sea from the Straits of Dardanelles and Bosporus. The aim of this study is to reconstruct the palaeoenvironmental evolution of this restricted setting by means of the benthic foraminiferal record. Benthic foraminifera are one of the most numerous and most easily collectable fossils on which such studies can be based. They are especially suitable for monitoring rapid environmental changes because many species are opportunistic, rapidly responding to environmental change (e.g. Bernhard and Reimers, 1991; Corliss and Silva, 1993; Sen Gupta et al., 1996) .
There is no previous work on the benthic foraminifera from the North Evoikos Gulf. The only previous paper referred to a unique outer shelf core EYB6 (Drinia and Anastasakis, 2012) . These authors used benthic foraminiferal species abundance records, to determine changes in environmental conditions in the semi-enclosed North Evoikos outer shelf environment.
In this study, benthic foraminiferal faunal data of six gravity cores retrieved in different physiographic provinces of the Gulf (the shelf, the slope and the basinal setting), that penetrated Holocene marine sediments, are used to reconstruct the environmental changes that occurred in the last 9 ka. We studied the distribution of this benthic microfauna assuming that variations in the frequency of selected ecologically sensitive species may reflect overall changes in primary productivity and oxygen content.
Regional setting
The geodynamic regime of Central Greece which is characterized by active crustal extension during the Quaternary (e.g. Jackson, 1994 ) is responsible for the formation of the North Evoikos Gulf during the Pleistocene. The graben of North Evoikos Gulf is bound by a series of WNWeESE to NWeSE fault zones which are active since early Miocene (e.g. Roberts and Jackson, 1991) . The activity of these fault zones has strongly influenced the landscape evolution of the region, and is related with significant historical (e.g. Bousquet and Pechoux, 1977) and instrumentally recorded seismicity (e.g. Papanastassiou et al., 2001 ).
The basin is divided into two well-defined bathymetrical regions: a gradually sloping region, occupying both the western and southern parts of the Basin, ranging from 0 to approximately 200 m depth, and a distinct depression at the northeastern part, which occupies 1/5 of the overall area of the Basin and its greatest depth measures about 425 m. This depression is due to the structural setting of the region, featuring an active fault zone running along the adjacent coastline of the Evia Island (Van Andel and Perissoratis, 2006; Sakellariou et al., 2007) . This fault zone is clearly visible in the steep topography of the eastern coast of the Basin and responsible for the characteristic SWeNE asymmetry of the Basin.
The North Evoikos Basin is surrounded by a variety of sedimentary, magmatic and metamorphic rocks, the weathering products of which are a major source of the sediments studied. At present, the major supplier of fresh water is the river Sperchios, which is 82 km long and has a drainage basin of 1158 km 2 .
Other significant fresh water input originates to the north through the Kenourion and Xerias rivers. To the south, major fresh water input originates from Lake Paralimni. River runoff causes the input of suspended clay, organic detritus and dissolved nutrients into the marine system. This can provoke strong primary production events, leading to eutrophic conditions in the water column and on the sea floor. Therefore, the runoff of the Sperchios delta is responsible for strong environmental changes into the Basin. Its influence is evident in the upper part of the water column, but also on the sea floor, where it strongly affects the distribution of the benthic foraminifera. However, seismic reflection data along the North Evoikos shelf do not display any evidence of delta wedge built up during sea level lowstands but rather show extensive river channel migration along the Oreos-Trikeri straits (Michailidis and Mitropoulos, 1990) . Sperchios River discharged its waters directly into the Aegean during uppermost Quaternary low sea level stands. Moreover, Xerias River has built the only substantial fan delta, the Loggos fan delta with a maximum 52 m of Holocene sediments (Van Andel and Perissoratis, 2006) . Other sources of fresh water include underwater springs, along both the western and eastern coastlines (Scoullos and Dassenakis, 1983; Friligos, 1985) . According to Balopoulos and Papageorgiou (1991) , these springs are responsible for the minimum salinity intermediate water layer, that is significantly colder and thus heavier than the overlying more saline water.
Site location, materials and methods
The analysis of fossil sediments is based on 6 gravity cores (EYB: 1, 10, 6, 5, 7, 8) ranging in length from 113 to 255 cm and retrieved by a trawler vessel from the south shelf, slope and basinal setting of the North Evoikos Basin. Details of the cores are reported in Table 1 and depicted in Fig. 2 .
The cores were X-radiographed after splitting, and detailed core logs were constructed to record the texture, gross lithology, sedimentary and biogenic structures. Detailed sedimentological analyses of the cores are provided by Anastasakis and Filippas (1988) . The distribution of several foraminiferal species from Core EYB6 is shown in Drinia and Anastasakis (2012) .
Two cores, EYB1 and EYB10, were retrieved from the southern North Evoikos mid-shelf. Both cores are characterized by a pronounced unconformity that divides the sedimentary column into a: 1 e lower salty water strictly lacustrine sequence that is dominated by aragonite chemical precipitation. The radiocarbon dating conducted by Anastasakis and Filippas (1988) showed that this unconformity is aged 32,400 BP. This sequence also hosts a tephra layer probably linked to the North Evoikos Likhades islands volcanic centre; 2 e the upper marine sequence that starts with a sharp erosional surface, mostly characterized by the presence of shell debris. The outer shelf core EYB6 is composed of three visually well differentiated layers: a dark olive gray (47e139 cm) zone interbedded within grayish olive layers. This core contains only a few laminated mud layers suggesting a complete stratigraphic section with minor influence of reworking processes. Three radiocarbon dates of mixed foraminiferal shells (10e20 mg), collected in the sedimentary size fraction >125 mm, indicated that this core records the time interval between w3.5 and w8.5 ka cal BP (Drinia and Anastasakis, 2012) .
EYB5 core consists entirely of clay and mud, displaying at a few places some lamination and bioturbation. This core was recovered just beyond the break in slope at the flank of the bathymetric depression forming the main pathway for most of the reworked sediments originating from the southern North Evoikos shelf.
Finally, cores recovered from the North Evoikos Basin (EYB7 and EYB8) contain an increased proportion of base cut out turbidites and fine grained laminated layers. Both cores display an organically richer lithofacies which however, displays ample evidence of redeposition (Anastasakis and Filippas, 1988) .
Micropalaeontological analysis
For the micropalaeontological analysis, the sediment cores were sampled at each 10 cm core depth or with a smaller increment where lithological changes were observed. Each core sample was weighed, washed through a 63 mm sieve, dried and reweighed. The data processing is based on the 63 mm size fraction, as this smaller size fraction appears to contain some of the most opportunistic taxa of foraminifera, able to respond quickly to an increased food availability (e.g. following a phytodetritus deposit) (e.g. Fontanier et al., 2002; Gooday, 2002) . The study of these taxa is essential for a better understanding of the response of foraminiferal faunas to ecosystem instability and/or perturbation (Duchemin et al., 2005) . The faunal counts were obtained from a suitable sample split containing between 250 and 300 tests of benthic foraminifera. For samples containing less than 250 specimens, the entire sample was picked. Benthic foraminifera were identified following the Mediterranean systematics proposed by Le Calvez and Le Calvez (1958) , Parker (1958) , Jorissen (1987) , Cimerman and Langer (1991) , Levy et al. (1992) , Ellis and Messina (1995) and Sgarrella and Moncharmont-Zei (1993) . Some taxa were identified to genus level and some remained unidentified. Foraminiferal fragments with more than 50% of the shell preserved were included in the quantitative analysis. Raw species counts for each sample were converted into percentage data. Species diversity (Shannone Wiener index, using log e H(S)) was calculated using the PAST Software of Hammer et al. (2001) .The percentage of the planktonic foraminiferal fauna was counted during picking.
In order to detect environmentally important trends in foraminiferal assemblage data, we performed Correspondence Analysis, an eigenvector method which allows the projection of a large cloud of points (samples, parameters or both) into a reduced space (defined by the factor axes) while conserving the major part of the structured, meaningful information (Hennebert and Lees, 1991) . Correspondence analysis (CA) is very illustrative as depicts species and samples at the same time. Prior to multivariate statistics, rare species that occurred only in one sample or never exceeded a relative abundance of 2% were omitted from the raw data set ( Table 2 ).
The interpretation of the microfaunal record is largely based on a combination of numerous papers describing foraminiferal microhabitats and ecology of the dominant taxa in the eastern Mediterranean and Aegean Sea (e.g. Jorissen, 1988; Albani and Serandrei Barbero, 1990; Cimerman and Langer, 1991; Sgarrella and Moncharmont-Zei, 1993; Jorissen, 1999; Fiorini and Vaiani, 2001; Jorissen et al., 2007) . 4. Results
Benthic foraminiferal record
Approximately 90 benthic foraminiferal species have been identified in the 75 samples studied. In most samples the foraminifera were well preserved and seemed little affected by dissolution. The major part of the foraminifera consists of calcareous benthic forms. Arenaceous species are almost absent indicating probably that they are more easily damaged than the calcareous specimens. The faunal diversity (Table 2) displays relatively low values with a mean value of 1.81, indicating disturbance of the benthic community. Fig. 3 represents the correspondence analysis results for the 15 more significant benthic foraminiferal species and group of species of our study. The sum of all eigenvalues obtained from Correspondence Analysis (CA) is 0.83 (Table 3 ). The A1 axis has eigenvalue l1 equal to 0.34 of the total dispersion of the species scores on the ordination axis, and the A2 axis has eigenvalue l2 equal to 0.25.
However, cumulative percentage variance of speciesesample relations for the two axes reaches 52.87. Therefore it displays statistically relevant information and can be further used for an environmental interpretation. Species showing similar distribution patterns and related to the same environmental conditions are plotted close to each other on the CA graph. The CA plot of species scores shows the high concentration of species in the centre of the ordination diagram. Thus, these species may have their statistical optima there or alternatively may have a very weak correlation with integrated environmental parameters. Species Correspondence Analysis distinguishes the benthic foraminiferal assemblages in four clusters. The frequencies of the taxa belonging to these groups have been summed and plotted for each core (Fig. 4aef) .
Cluster 1 is composed of Agglutinated species -mainly represented by Textularia e together with the shallow water, tolerant to a wide range of salinity Elphidium spp. and Ammonia beccarii (e.g. Murray, 2006) . This cluster shows a sharp peak in the lower part of EYB10 and EYB1 cores, just above the unconformity (Fig. 4a, b) . In particular, in core EYB10 it accounts for 75% of the total assemblages. In the rest of the cores, Cluster 1 shows a maximum frequency value up to 15%.
Cluster 2 is exclusively composed of Bulimina marginata. B. marginata shows an increasing trend from the bottom to the top in all the studied cores. In cores EYB7 and EYB8, the maximum value is about 45% (Fig. 4e, f) . In EYB5 core (Fig. 4d) , Cluster 2 shows a peak (41%) at 140 cm and then a sharp decreasing trend up to 53.75 cm. Values in the upper part of the core are quite high with a maximum at 28.75 cm (48%). A similar trend is present in core EYB6 (Fig. 4c) , with the highest values between 51.5 and 9.5 cm, during the time interval from 7.0 to 3.6 kyr BP (Drinia and Anastasakis, 2012) . Cores EYB1 and EYB10 (Fig. 4a, b) show an increasing trend, with fluctuating percentages between 6% and 40%.
Cluster 3 consists of Bolivina spathulata and Bulimina costata and exhibits complementary patterns of relative abundance with Cluster 2. Therefore, in cores EYB7 and EYB8 (Fig. 4e, f) , this fauna displays a sharp decreasing trend. In cores EYB5 and EYB6 (Fig. 4d,  c) , it shows a sharp peak in the lower part with a value of about 60%. Finally, in cores EYB10 and EYB1 (Fig. 4a, b) , this benthic fauna is represented with low frequency values and shows a peak in the upper part of the cores. According to Drinia and Anastasakis (2012) , in core EYB6, this assemblage corresponds to the time interval from 8.3 to 8.0 ka BP.
Cluster 4 consists of the 10 remaining species namely: Cibicides lobatulus, Cibicidoides pachyderma, Bulimina aculeata, Cancris oblonga, Melonis barleeanum, Chilostomella oolina, Cassidulina laevigata, Hyalinea balthica and Miliolidae, with high percentage values of H. balthica and C. laevigata. This group of species shows no evident trend, as it occurs in all cores, with relatively stable and fluctuating percentages between 35% and 70%.
Planktonic foraminiferal record
Planktonic foraminifera are always present yet in low numbers in the studied sediment cores. The planktonic content analysis revealed the occurrence of specimens that have not reached the adult stage of ontogeny (Antonarakou et al., 2010) . As a result, most specimens are too small and difficult to identify. However, the counting performed in the studied samples showed the significant prevalence of Turborotalita quinqueloba and the near-absence of Neogloboquadrina pachyderma.
Discussion

Ecological significance of the benthic foraminiferal assemblages
The most common approach to interpreting the ecologic implications of fossil associations is to extrapolate information from the distribution of modern taxa into the geologic past based on the assumption that the same or closely related taxa in ancient sediments had similar ecologic tolerances ("action pair analysis" of Lawrence, 1971 ). This approach is most reliable when most of the species recorded in ancient sediments are still living. Faunal characteristics such as benthic species diversity are used in consort with information on the ecological tolerances of specific taxa.
Correspondence analysis and contemporary distribution of taxa is used together with ecological preferences of the most frequent species to reconstruct the spatial and temporal distribution of biofacies. Four biofacies (three Holocene plus a pre-Holocene) have been distinguished. The stratigraphic boundaries are based on both appearance and disappearance of the foraminiferal species and/or the fluctuations in their abundance. The limits of the biofacies are reported in Table 4 and illustrated in Figs. 4aef and 5.
Biofacies p-H corresponds to the lowermost stratigraphic units (proximal part of the shelf) of the cores EYB1 and EYB10 and is characterized by Aragonite chemical precipitation being indicative of an evaporitic, isolated basin system. This sequence also hosts a tephra layer which however did not contain suitable volcanic glass abundances of the four assemblages identified by CA, of core EYB5, together with the distribution of the Biofacies. e. Downcore distribution of the relative abundances of the four assemblages identified by CA, of core EYB7, together with the distribution of the Biofacies and TOC analysis. f. Downcore distribution of the relative abundances of the four assemblages identified by CA, of core EYB8, together with the distribution of the Biofacies.
shards in order to perform chemical microprobe identification (PePiper personal communication). This interval is characterized by a monospecific gastropod assemblage of the ectoparasitic Odostomia sp.l, which suggests hypersaline conditions (Drinia et al., 2008) . The uppermost part of biofacies p-H shows an erosional surface, dated at 32.4 ka, characterized by the presence of shell debris, and the appearance of few shallow marine benthic foraminifera and abundant peloidse one constituent that is absent upcore. These peloids are similar to pellets in that they are rounded or elliptical aggregates that range from 0.003 to 0.15 mm in diameter and are devoid of internal structure. Chafetz (1986) has described similar peloids as the product of microbial cementation. The abundance of peloids gives the matrix an inhomogeneous texture. According to Tucker and Wright (1990) , peloids are plentiful in low-energy restricted lagoonal environments. This biofacies is not present in the other cores. These oldest sediments recovered provide evidence of North Evoikos Gulf isolated from the Aegean Sea. The incursion of Aegean waters at 10.5 ka BP (Lambeck, 1996) was accompanied by the introduction of marine derived organic matter and a decrease in grain size and calcium carbonate abundance.
The lagoon was colonised first by the foraminifera of the Cluster 1 (Biofacies Ia) indicating a low-energy, organic-rich environment of low-salinity evidenced by the predominance of agglutinated species (Bandy, 1954; Phleger, 1960a, b; Poag, 1981) and a little while later by the deeper water assemblage of B. marginata (Cluster 2) and H. balthica (Cluster 4) (Biofacies Ib) as well as by a mollusc assemblage dominated by Corbula gibba. This benthic fauna is significantly more diverse, because of the presence of a large number of additional, juvenile, well preserved, normal salinity, benthic foraminiferal species. The composition of the benthic assemblages e in particular the high occurrence of B. marginata e further supports an increase in refractory organic matter at the sea floor and within the sediment, presumably being brought to the area mainly by river runoff.
Deepening is manifested by the near disappearance of the shallow water species Elphidium spp. and A. beccarii of Biofacies Ia and by the appearance of H. balthica of Biofacies Ib. H. balthica has been interpreted as an indicator for the onset of stratification in the water column in other shelf settings (Evans et al., 2002; Murray, 2006) .
Next, a second biofacies occurs (Biofacies II), with maximum abundances of B. spathulata and B. costata (Cluster 3) and significant frequency values of C. laevigata (Cluster 4). The foraminiferal content of this biofacies is frequently found in deep and intermediatedeep infaunal microhabitats, respectively, and show opportunistic behavior and a tolerance to dysoxia (e.g. Mackensen and Douglas, 1989; Corliss and Emerson, 1990; Bernhard and Reimers, 1991; De Stigter et al., 1998) . The high percentages of B. spathulata could be related to relative prolonged periods of dysoxia at the sea bottom (Bernhard and Sen Gupta, 1999) , periodically following the strong input of organic matter to the sea floor and are typical of environments sheltered from the fresh water influence (Scott et al., 2001) .
Biofacies II is characterized by an intense event of low oxygenation which, according to Drinia and Anastasakis (2012) , is dating from 8.3 to 7.9 ka. This episode occurs very strongly in the cores EYB6 and 5 (Figs. 4d, e and 5) , while in the cores EYB7 and 8, due to higher sedimentation rate, this stratigraphic interval was not reached (Fig. 4e, f) . In stratigraphical higher levels, the faunas at outer shelf and greater depths off Evoikos are dominated by B. marginata and C. laevigataeH. balthica assemblages (Biofacies III). These assemblages are typical of circalittoral environments and reflect an increase in refractory organic matter at the sea floor and within the sediment, presumably being brought to the area mainly by river runoff (Sgarrella and Moncharmont-Zei, 1993) . The B. marginata assemblage occurs in sediments with moderate organic enrichment which has created an optimal environment for this species through increased food supply and reduced competition from other species. According to several studies (e.g. Jorissen et al., 1992; Hohenegger et al., 1993 ) based on ecological observation on living benthic foraminifera associations, the dominance of B. marginata indicates that this species benefits from the large amounts of organic matter discharged from river runoff as long as the organic enrichment in the sediment is not too large. Significant occurrence of C. laevigata in this biofacies can be related to the lower degree of organic enrichment in the sediments (Alve, 1991) . In the Adriatic Sea, De Stigter et al. (1998) described C. laevigata in the outer shelf area as a superior competitor for food in oxygen-rich surface microhabitats. According to Morigi et al. (2005) , after the deposition of fresh phytodetritus at the sea floor, this taxon increases in density to take advantage of the short-term food availability. The presence of H. balthica with non-negligible abundance seems to be influenced by the conditions of the sea floor (grain size, oxygenation and nutrient concentrations), caused mainly by currents that distribute the sediment. This taxon shows its maximum abundance in samples with the highest diversity, confirming the favourable environmental conditions at the sea floor (Bergamin and Di Bella, 1997; Schmiedl et al., 2000) .
As seen in Fig. 4c and d, Biofacies III exhibits a complementary pattern of distribution with Biofacies II. According to Drinia and Anastasakis (2012) , the replacement of Bolivina gr. by B. marginata may be suggestive of a slight improvement of the oxygen conditions. Therefore, the shift from B. spathulata-dominated biofacies to those dominated by B. marginata is interpreted as indicative of a change in which microhabitat is controlled by a critical food availability instead of oxygenation. Hence, Biofacies III implies an unstable environment, where seasonal pulses of organic matter sustain the benthic microfauna.
Palaeoenvironmental implications
A palaeoenvironmental reconstruction was performed on the bases of the results of the statistical analysis and the palaeoecological attributes of single species and biofacies. In order to extract palaeoenvironmental data from the record of this semienclosed basin, it is important to understand how local controls on sedimentation interact with extrabasinal forcing. The relationship between basin and sill depth, and the density structure of the vertical water layers, controlled mainly by terrestrial fresh water runoff, determines the exchange between the Evoikos Gulf Sea and adjacent Aegean Sea.
North Evoikos was isolated from the Aegean Sea and turned into a saline lake during Marine Isotope Stage-4 (MIS-4) and, with a possibility of a brief connection to the Aegean Sea during MIS 3, remained a lake through most of stage 3 throughout stage 2. This is suggested by identified, recently submerged, marine terraces that lie between 140 and 165 mbsl and are attributed to the coldest and driest part of last glacial MIS-2 (c. 24e14 ka BP; Van Andel and Perissoratis, 2006) as well as MIS 4 and MIS 3 terraces.
Holocene sedimentation processes in the Aegean Sea started with a sea-level rise, dated to 18 ka, after the last glaciation. Marine sedimentation commenced when the North Evoikos lake was flooded with oceanic waters (35e40 psu) by the transgressing Holocene sea at approximately 10,500 14 C BP (Lambeck, 1996) .
The stratigraphical pattern of the aforementioned biofacies suggests that the faunal composition at the shallowest cores EYB10 and EYB1 differs from all other cores. In the lower parts of these mid shelf cores an infralittoral benthic fauna is recognized and plankton abundance is very low. The rapid decrease in abundance of Agglutinants and rotaliids and increase in abundance of B. marginata, together with other species typical of a shelf environment, clearly, indicates increasing palaeowater depth through time. Therefore, in these two cores the succession of the benthic faunas is mainly controlled by the ongoing sea level rise, and represents a bathymetrical succession of foraminiferal assemblages (Biofacies Ia and Ib). Moreover, the relative abundance of hyaline and agglutinated tests can be used for a quick assessment of the balance between continental and marine influence. A decrease of agglutinated tests and replacement by calcareous ones is related to decreasing salinity changes, and increasing mean salinity, pH, and availability of calcium carbonate (Murray, 1991; Debenay et al., 2000) .
In deeper settings (cores EYB6, 5, 7 and 8), the benthic foraminifera show significant faunal changes, when the species typical of shelf environments (C. laevigata and H. balthica) coexist with opportunistic species (B. spathulata) and species that are more resistant to bottom water changes (B. marginata). B. spathulata (Biofacies II) and B. marginata (Biofacies III) show a positive correlation with nutrient contents and a negative one with substrate grain size. However, these two biofacies exhibit complementary pattern of relative abundance. This may be due to the different feeding strategies of these two taxa. Therefore, not only the quantity, but also the quality of the organic matter serving as food for the foraminifera appears to have a large impact on the foraminiferal distribution. Overall, these changes suggest significant regional variations in surface productivity and/or oxygen content at the sea floor, and a decoupling between surface productivity and export production to the sea floor. This decoupling is indicated by the high abundance of infaunal benthic foraminifera and the near absence of the planktonic species N. pachyderma. The terrigenous input of the Sperchios River is suggested as a possible mechanism: the source of particulate organic matter (POM) falling to the sea floor might be different to the one sustaining N. pachyderma. This organic matter supply to the sea floor could occur through both surface and mid-water currents.
Global sea-level curves show that from 9.0 to 6.6 ka BP sea-level was 50 to 15 m below present (Fairbanks, 1989) . The maximum preHolocene sill depth in the Oreos-Trikeri straits, which now is around 42 m, was about 55 m below present sea level. This means that the North Evoikos shelf experienced variations in ventilation and productivity. Increases in the occurrence of benthic foraminifera B. spathulata and B. costata were recorded as pulses in which their abundance increased from 0 to 50%. We interpret these pulses beginning at 8.3 ka BP (after Drinia and Anastasakis, 2012) as a manifestation of water stratification and high nutrients due to Aegean Sea outflow and the establishment of a two-layer circulation (Den Dulk et al., 2000; Fontanier et al., 2002 Fontanier et al., , 2003 . Moreover, these pulses may be attributed to changes in organic matter flux that affected biotic competition. Therefore, relative sea level changes (critically controlling changes in sill depth and crosssectional area) are envisaged to have had a large impact on the North Evoikos water circulation as the rapid marine flooding started filling the north Evoikos basin thus recording local precipitation, evaporation, eutrophication events were accurately recorded within the Holocene sediments.
However, the input of organic material to the slope of Evoikos Gulf is still uncertain. Food supply may be brought to the sea floor by the sinking of the primary productivity and also by the action of turbidity currents. Although these currents promote the resuspension of mud, they can be rich in nutrients, which are sometimes rapidly utilized by the benthic microfauna. The input of organic material as indicated by North Evoikos sediment data clearly record enhanced TOC levels at cores EYB6 and EYB7 (Fig. 4c,  e) . These levels are consistent with the prevalence of Biofacies II which, as already mentioned, is indicative of high productivity and low oxygenation.
Tectonic vs climatic controls
The suggestion that the palaeogeographic and sedimentological history of the tectonically active graben of North Evoikos Gulf practically reflects a passive response to a globally fluctuating sea level is not a priori justified. Around North Evoikos, including the Oreos-Trikeri straits, local tectonics affected several areas and produced local differential morphological changes but without changing the general shape and stratigraphy of the transgressive surfaces (Van Andel and Perissoratis, 2006) , nor drastically changing, at least in the uppermost Quaternary, its northern connection to the Aegean Sea. The varied faunal pattern responses are not random, but provide the key to unlocking the broader question as to whether the depositional pattern within the North Evoikos outer shelf were driven by tectonic or climatic (eustatic) change.
The slopes of the Gulf are incised by numerous terraces cut during low sea level intervals during MIS 4, 3, 2, 1 when the Gulf was an isolated lake with levels that fluctuated well below the Oreos-Trikeri straits sill (Van Andel and Perissoratis, 2006) . The identification of the continuous stratigraphic succession of terraces between stages 4e1 is further confirmed by the 14 C dating by Drinia et al. (2008) of the low sea-level stage 3 in core EYB1, recovered from a water depth of 85 m in North Evoikos. Thus the balance of evidence suggests that the North Evoikos Gulf during the Uppermost Quaternary reflects a passive response to a globally fluctuating sea level that was not significantly modified by dramatic tectonic processes. Therefore, its palaeoceanographic evolution is primarily driven by climatic (eustatic) processes and accurately depicts local conditions. Marine seismic reflection data show extensive lateral Sperchios river channel migration across the Oreos-Trikeri straits during the last sea level lowstands MIS 2 and lowermost MIS 1 (Michailidis and Mitropoulos, 1990) . North Evoikos became a closed lake during the beginning of MIS 4, with the possibility that it was very briefly connected to the Aegean Sea during the earliest part of MIS 3, when the sea was close to 50 mbsl. This is the most likely scenario if we consider that the present sill depth of Oreos-Trikeri strait is around 42 m and the drastic fluvial sedimentation processes of Sperchios river-especially lateral channel migration across the strait during low sea levels.
Worldwide lake levels are controlled primarily by the balance between surface runoff and evaporation. Other fresh water inputs, including karst and other groundwater flow, are also drastically affected by short term local precipitation. Climate changes in semiarid regions produce, large often rapid lake level fluctuations. The submarine terraces of North Evoikos (Van Andel and Perissoratis, 2006) provide evidence that during glacial intervals, evaporation exceeded fresh water input. This evolution is compatible with the climatic record affecting pollen data from nearby Lake Xinias (40 km northwest from Oreos Strait), where a striking change leading to substantial lake level lowering was radiocarbon dated at 32 ka BP (Bottema, 1979; Digerfeldt et al., 2000) .
The palaeoenvironmental evolution of North Evoikos Gulf shows many similarities with that recorded in the Marmara Sea, a small intracontinental basin that recorded in its sediments fluctuations in climate and water exchange between the Mediterranean and Black Seas (McHugh et al., 2008) . In this respect, North Evoikos Gulf setting can serve as high-resolution repositories of environmental change.
Conclusions
Late Pleistocene and Holocene palaeoenvironmental changes were studied in six gravity cores up to 2.5 m long from different physiographic settings of North Evoikos Gulf. The presence of marine molluscs and benthic foraminifera throughout the Holocene record indicates that fully marine conditions were established in the North Evoikos Basin from the very earliest Holocene. The short lacustrine phase occurred in the proximal part of the shelf was due to damming of the northern entrance to North Evoikos Basin.
Integrated benthic foraminiferal assemblages of the gravity cores provide information on the Upper Quaternary palaeoceanographic evolution of the region. Two main domains can be recognized: a) In the first domain prevailed by Biofacies Ia and Ib the succession of the benthic faunas is mainly controlled by the ongoing sea level rise, and represents a bathymetric succession of foraminiferal assemblages. b) In the second domain, represented by Biofacies III alternating with Biofacies II, the species typical of shelf environment (C. laevigataeH. balthica) give way to opportunistic species (B. spathulata) and species that are more resistant to bottom water changes (B. marginata). This could result from changes in the food chain, when high fluxes of organic matter and relatively more refractory organic matter became available at the sea bed, brought to the basin with enhanced river runoff. Oxygen concentrations may have fluctuated during this interval, as organic pulses could provoke seasonal dysoxia. The high percentages of B. spathulata (Biofacies II) could be related to relative prolonged periods of dysoxia at the sea bottom, periodically following the strong input of organic matter to the sea floor.
This study reveals that the Upper Quaternary palaeoenvironmental changes do not depend directly on criteria such as depth or distance from the coast, but mainly on palaeoceanographic changes that affected both chemistry of waters and sedimentation input. Our results indicate that benthic foraminifera represent highly suitable biological environmental indicators as they reflect a great variety of complex processes such as nutrient load and physical and chemical parameters of the water masses.
